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® NUMERICAL CONTROL METHOD. 

© An NC unit (1 1) is so constituted that there can be detach- 
ably inserted a ROM cassette (1 1c) which stores one or more 
macros (MCR's) to execute a predetermined function. In an 
inlet port of a standard processing routine of a system pro- 
gram (SPR) is inserted a soft interface (SIF) that contains an 
instruction which discriminates whether the ROM cassette 
(11c) is inserted or not, and a branch instruction which, when 
the ROM cassette is inserted, executes a predetermined 
macro (MCR) stored in the ROM cassette. In executing the NC 
processing, if it is discriminated by the soft interface (SIF) that 
the ROM cassette (11c) has been inserted, a special pro- 
cessing is executed by the macro (MCR) designated by the 
branch instruction. If it is determined that the ROM cassette 
(11c) has not been inserted, the standard processing is exec- 
uted according to the system program without executing the 
branch instruction. 
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DESCRIPTION 
NUMERICAL CONTROL METHOD 

Technical Field 

This invention relates to a numerical control 
method and, more particularly , to a numerical control 
method through which an NC apparatus capable of any 
type of numerical control can be constructed without 
modifying the system program. 
Background Art 

A numerical control apparatus is constituted by a 
computer in which the processor executes predetermined 
numerical control processing specified by NC data based 
on system program control, thereby causing a machine 
tool to subject a part to desired machining. 

It goes without saying that the function of the NC 
apparatus changes if the system program is modified. 
In other words, by changing the system program, the NC 
maker is capable of providing various standard NC 
apparatus for lathes, milling machines, machining 
centers and wire electric discharge machines, and of 
providing various NC apparatus of simple to advanced 
type. If the user requires a special function not 
possessed by the standard machine, the system program 
is designed anew to satisfy this requirement. 

However, creating a system program anew whenever a 
special function is required is a large undertaking 
that can lead to delays in delivery and result in a 
diminished cost performance. 
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Recent NC apparatus involve systems of large size 
owing to the requirement for a number of advanced 
functions. The participation of many programmers in 
the designing of a system program involves a 
programming operation that grows more cumbersome the 
larger the system program. 

Accordingly, an object of the present invention is 
to provide a numerical control method in which 
redesigning of a system program is unnecessary even if 
a special function is required. In other words , an 
object of the invention is to provide a numerical 
control method through which special specifications 
desired by a user can be realized without modifying a 
system program or hardware. 

Another object of the present invention is to 
provide a numerical control method through which 
programming can be performed simply even if a system 
program is large in size. In other words, an object of 
the invention is to provide a numerical control method 
through which a total system program can be constructed 
by adopting a modular approach and* performing 
programming for each function , and thereafter joining 
the program for each function to the main body of the 
system program. 
Disclosure of the Invention 

An arrangement is adopted in which a ROM cassette 
storing a plurality of macros for performing 
predetermined numerical control processing is removably 
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loaded in an NC apparatus. If a soft interface 02 36506 
(instruction) which causes the right of control to be 
transferred from. the system program to a predetermined 
macro in a case where the ROM cassette has been loaded 
5 is inserted in the system program at a suitable 

location thereof, loading the ROM cassette enables a 
predetermined function to be executed by the macro 
stored in the ROM cassette. 

Accordingly, if the function executed by the macro 
10 is made to agree with the special function required by 
the user, an NC apparatus which executes the special 
function required by the user can be formed, even if 
the system program is not modified, merely by loading 
and unloading ROM cassettes. Furthermore, since a 
15 macro can be programmed as a single module separately 
of the system program, programming is facilitated. 

Thus, the invention is characterized by 
constructing an NC apparatus in such a manner that a 
ROM cassette storing one or more macros MCR for 
20 executing predetermined functions can be loaded and 

unloaded, inserting, at suitable locations in a system 
program SPR, an instruction for discriminating whether 
the ROM cassette has been loaded and a branch 
instruction which, if the ROM cassette has been loaded, 
25 causes execution of a predetermined macro MCR stored in 
the ROM cassette, executing, in NC processing, after 
the execution of the discrimination instruction, a 
macro designated by the branch command if the ROM 
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cassette has been loaded, and executing the next system 
program instruction, without executing the branch 
instruction, if the ROM cassette has not been loaded. 
Brief Description of the Drawings 

Fig. 1 is a block diagram of an NC apparatus for 
practicing the present invention; 

Fig* 2 is a view for describing the relationship 
among a system program, soft interface and macro; and 

Figs. 3 through 6 are flowcharts in which the 
present invention is applied to specific cases. 
Best Mode for Carrying Out the Invention 

Fig. 1 is a block diagram of an NC apparatus for 
practicing the method of the present invention. 

Numeral 11 denotes the main body of the NC 
apparatus, 12 a display unit, 13 a keyboard, 14 an NC 
data input/output unit, 15 a PMC unit (programmable 
machine controller)., 16 an axis controller, and 21 a 
machine tool. 

The NC apparatus main body 11 is constituted by a 
computer and has a processor 11a, a ROM lib, an 
externally loadable ROM cassette 11c, a RAM lid, a 
hardware interface lie, and switching means llf for 
setting whether the ROM cassette 11c has been loaded. 
When necessary, the ROM cassette 11c is removably 
loaded in the NC apparatus, e.g. on a master printed 
circuit board. Whether or not the ROM cassette 11c has 
been loaded is set by the switching means llf, such as 
a switch or shorting rod, provided on the master 
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printed circuit board, so that this can be easily read 
by the processor. 

The processor 11a of the NC apparatus main body is 
adapted to execute predetermined numerical control 
processing, which is specified by NC data, based on a 
system program SPR stored in the ROM lib and a macro 
MCR stored in the externally loadable ROM cassette 11c. 
A macro is a collection of commands for executing 
predetermined numerical control functions and has a 
1Q subprogram relationship with respect to a system 
program. 

Transfer of the right of control from the system 
program SPR to the macro MCR, or recovery of the right 
of control by the system program, is performed via a 

15 soft interface SIF. The soft interface SIF is formed 
by inserting, in the system program SPR at appropriate 
locations thereof, an instruction for determining 
whether the ROM cassette 11c has been loaded, and a 
branch instruction for calling and executing the 

20 predetermined macro MCR, which has been stored in the 

ROM cassette, in a case where the ROM cassette has been 
loaded. 

Fig. 2 shows the relationship among the system 
program SPR, macro MCR and soft interface SIF. 
25 When power is introduced, the processor 11a (Fig. 

1), under the control of the system program SPR, checks 
whether the ROM cassette 11c has been loaded in the NC 
apparatus. If the ROM cassette 11c has not been 



X3CID: <EP 0236S06A1_I_> 



6 . : \- *\ : V : 0236506 

loaded, the flag of a general-purpose register is set 
to "0"; if the ROM cassette has been loaded, the flag 

is set to "1". 

The soft interface SIF is inserted in the system 
program SPR at a suitable location. The software 
interface SIF includes: 

(a) a discrimination instruction (an instruction 
for checking whether the flag bit is "1" or not) for 
determining whether the ROM cassette 11c has been 
loaded in the NC apparatus, and 

(b) a branch instruction for executing 
predetermined macro processing when the ROM cassette 
has been loaded, e.g. a macro call instruction for 
calling and executing a predetermined macro. If the 
ROM cassette has not been loaded, processing jumps to 
the next system program instruction. If the ROM 
cassette has been loaded, then processing in. accordance 
with the predetermined macro MCR is executed, after 
which processing jumps to the next system program 
instruction. 

» 

The functions capable of being executed by the 
macro MCR are as follows: 

(1) a special picture display, such as a picture 
for special tool life management, a picture for 
automatically deciding cutting conditions, and a 
conversational-mode picture for automatic programming; 

(2) special interpolation, such as SIN 
interpolation, helical interpolation and elliptical 



interpolation ; 0 2 36506 

(3) predetermined processing based on an M-code 
call, e.g. a special ATC cycle (automatic tool change 
cycle) based on an M06 code; 

(4) predetermined processing based on an external 
interrupt; and 

(5) special processing based on a G-code, e.g. a 
hole drilling pattern cycle, pocket machining cycle, 
etc. 

The present invention will now be described with 
regard to specific cases. 

(A) Display Processing 

Fig. 3 is a flowchart for displaying a special 
picture. A CRT/MDI unit (a unit obtained by 
integrating the display unit 12 and keyboard 13 of Fig. 
1) is provided with a function key POS key, PRGRM key, 
OF SET key, PARM key, A LAM key for requesting a present 
position display, program display, offset display, 
parameter display and alarm display, and with an AUX 
key for requesting a special picture display. 

The soft interface SIF is inserted at the entrance 
to a picture display routine IMR. The arrangement is 
such that when the ROM cassette has been loaded, a 
macro for executing special picture processing is 
called by a call command. The macro MCR is composed of 
the following: 

(a) an instruction for checking whether the AUX 
key has been pressed to request a special picture 
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(b) a group of instructions for executing special 
picture processing when the AUX key has been pressed; 
and 

(c) a return instruction for returning to the 
system program SPR at the end of processing or when the 
AUX key has not been pressed. 

More specif ically r by constructing the macro MCR 
in such a manner that predetermined processing for 
displaying a special picture is executed, the special 
picture can be described on the display screen by 
pressing the AUX key. 

It should be noted that it can be arranged for the 
the special picture display not to be performed by 
inserting only a return instruction in the macro called 
by the call instruction. 

(B) Special Interpolation Processing 
If a circular arc interpolation calculation is 
executed in the XY plane, linear interpolation is 
performed along the Z axis and the rotation of motors 
for the respective axes are controlled by distributed 
pulses along these axes, a tool can be moved in helical 
fashion. Such interpolation is referred to as helical 
interpolation. 

In accordance with the present invention, an NC 
apparatus can easily be provided with a helical 
interpolation function even if a system program is 
capable solely of linear interpolation and circular arc 
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interpolation. Let helical interpolation be commanded 
as follows: 

Fig. 4 is a flowchart for providing an NC apparatus 
with the aforementioned helical interpolation function. 

The soft interface SIF is inserted in the system 
program SPR beforehand following the discrimination 
processing of G02, and a macro for performing helical 
interpolation is called by a call instruction. The 
macro MCR is composed of: 

(a) a group of instructions for performing helical 
interpolation, and 

(b) a return instruction for returning to the 
system program SPR at the. end of processing. it should 
be noted that if the Z axis is not commanded in helical 
interpolation processing, only ordinary circular arc 
processing will be carried out. 

Thus, the NC apparatus can be provided with the 
helical interpolation function by constructing the 
macro MCR in such a manner that helical processing is 
performed. 

It is also possible to arrange it so that helical 
interpolation is not performed, by inserting only a 
return instruction in the macro called by the call 
instruction. 

(C) Special ATC Processing 

An NC apparatus with an ATC function possesses an 
ATC cycle function for automatically exchanging a 
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present pool, in response to an M-command "M06T n a " , 
for the tool Tq a specified after M06. There are cases 
where it is desired to execute a user-tailored special 
ATC cycle instead of the standard ATC cycle. In such 
cases, the soft interface SIF is inserted beforehand in 
the system program after the discrimination processing 
of M06, as shown in the flowchart of Fig. 5, and the 
macro for performing the special ATC processing is 

called by the call instruction. The macro MCR is 

composed of: 

(a) a group of instructions for executing special 

ATC processing/ and 

(b) a return instruction for returning to the 
system program SPR at the end of processing. 

More specifically, forming the macro MCR in such a 
manner that predetermined special ATC processing is 
performed makes it possible to execute the ATC cycle. 

It is also possible to arrange it so that the 
special ATC cycle is not performed, by inserting only a 
return instruction in the macro called by the call 
instruction. 

(D) Macro Interrupt Processing 

An NC apparatus has a macro interrupt function. 

For example, this is a function in which, if a tool 

breaks during machining, the tool is moved to a tool 
5 . 
change position along a predetermined path, the tool is 

exchanged for a new one, the new tool is subsequently 

moved along a predetermined path to be positioned at 
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the position where breakage occurred, and machining is 
resumed from this position. There are also cases where 
another method is used without relying upon the 
standard macro interrupt processing. For example, a 
return can be effected to the block where breakage 
occurred, without returning the new tool to the 
breakage position, with machining being resumed from 
the starting point of the block. In such case, the 
soft interface SIF is inserted in advance after the 
check for occurrence of the macro interrupt, and the 
macro for executing the predetermined tool breakage 
processing is called by the call instruction. The 
macro MCR is composed of: 

(a) a group of instructions for executing 
predetermined tool breakage processing, and 

(c) a return instruction for returning to the 
system program SPR at the end of tool breakage 
processing. 

More specifically, forming the macro MCR in such a 
manner that predetermined tool breakage processing is 
performed makes it possible to provide an tfc apparatus 
with a function for e.g. returning a new tool to the 
beginning of a block and resuming machining from this 
point. 

It is also possible to arrange it so that the 
special tool breakage processing is not performed, by 
inserting only a return instruction in the macro called 
by the call instruction. 
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(E) Mis cellaneous 0236506 
In an. NC apparatus with a programming function, an 
arrangement can be adopted in which various ROM 
cassettes are prepared in accordance with the skill 
level of the operator. A conversational-mode display 
conforming to the operator's skill level can be made to 
appear by interchanging ROM cassettes. 

It should be noted that each macro can, as a 
matter of course,, access all areas accessable by the 
system program, and that the macros can employ 
general-purpose subroutines, flags and registers. In 
addition, if the macro includes an argument designating 
instruction, the use of variables, arithmetic 
operations between variables , ' the use of conditional 
expressions and all instructions based on assembler 
language become possible. 

In accordance with the invention, a system program 
need not be redesigned even if a special function is 
requested? all that is required is a change of 
externally loadable ROM cassettes. In other words, 
special specifications desired by a user can be 
realized without modifying the system program or 
hardware configuration. 

Further, in accordance with the invention, a 
system program is programmed in the form of macros by 
putting the program into module form on a 
function-by-function basis to the greatest extent 
possible, -and these are then combined to construct the 
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overall system program. This facilitates programming 5 

Moreover, a macro constituted solely by a return 
instruction for returning to the system program without 
the execution of any processing whatsoever can be 
provided. By calling this macro, unnecessary functions 
will not be implemented even if the ROM cassette has 
been loaded. 
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CLAIMS: 

1. A numerical control method, characterized by: 

constructing an NC apparatus in such a manner that 
a ROM cassette storing one or more macros for executing 
predetermined functions can be loaded and unloaded; 

inserting , at suitable locations in a system 
program for controlling the NC apparatus, an 
instruction for discriminating whether the ROM cassette 
has been loaded, and a branch instruction which, if the 
ROM cassette has been loaded, causes execution of a 
predetermined macro stored in said ROM cassette; 

in NC processing, executing, after execution of 
said discrimination instruction, a macro designated by 
the branch command if the ROM cassette has been loaded; 
and 

executing the next system program instruction, 
without executing the branch instruction, if the ROM 
cassette has not been loaded. 

2. A numerical control method according to claim 1, 
characterized in that whether or not said ROM cassette 
has been loaded is set by switching means. 

3. A numerical control method according to claim 1, 
characterized in that said macro is a subroutine for 
executing any of the following: special picture 
processing, special interpolation processing, special 
processing based on an M-code call, special processng 
based on a G-code call, and special processing based on 
an external interrupt. 



4. A numerical control method according to cl<&&3£506 
characterized by: 

inserting a soft interface, which includes said 
discrimination instruction and branch instruction, at 
5 an entrance to a standard processing routine in the 
system program; 

executing special processing by a macro designated 
by the branch instruction in a case where the ROM 
cassette has been inserted; and 
10 executing standard processing by the system 

program in a case where the ROM cassette has not been 
loaded. 

5. A numerical control method according to claim 1, 
characterized in that among said macros, a 

15 predetermined macro is constituted by a return 

instruction for returning to the system program without 
any processing being executed. 

6. A numerical control method according to claim 5, 
characterized in that a macro conforming to said 

20 special function is constituted solely by the return 
instruction. 



25 



X3CID: <EP__0236506A1_I__> 



FIG. I 



NC APPARATUS MAIN BODY 



1 



I I 



SYSTEM 

PROGRAM 

SPR 



,1 Id 




SOFT 
INTERFACE 



h r 
i 
i 



i 



SIF 



ROM 



MACRO 



MCR 



I lb 



-J u 



ROM CASSETTE 
^1 Ic 



PROCESSOR 



SWITCHING 
MEANS 



i ta — r — 
£ le Si if 



HARDWARE INTERFACE 



(DI SPLAY ^ 



12 



KEYBOARD 

— r 



/3 




NC DATA 
INPUT/ 
OUTPUT 
. UNIT 




1 



AXIS 
CONTROLLER 



MACHINE 
TOOL 



16 



2 1 



OCID: <EP 0236506A1 J_> 



Ve 



0236506 



FIG . 2 



/ L 

( INTRODUCE POWER) 





1 


"O" — FLAG 



*/* 



LOADED ? 



FLAG 



> 



SYSTEM 
PROGRAM 



SIF SOFT 



INTERFACE 



NO. 



ROM CASSETTE 
PRESENT ? 
f FLAG T?) 



YES 



EXECUTE CALL 

INSTRUCTION 




MCR 

± MACRO 



0236506A1_I_> 



Ve 



0236506 




DC ID: <EP 0236506A1_I_> 



0236506 



CD 




KJCID: <EP 0236506A1„I„> 



5 /t 



0236506 



£fc 
O 



o o o 

111 UJ o 

,X Q. a: 

UJ <o °- 



13 



o 

o: => 
r> or 

Ul<0 
* 5 



ID 




DCID: <EP_0236506A1_I_> 



or 
o 





EXECUTE SPECIAL 
MACRO INTERRUPT 
PROCESSING 








I . '_ J. ■ 



CD 

• 




0236506A1J_> 



INTERNATIONAL SEARCH REPORT 

Interna too* I Application No. 



0236506 

PCT/JP86/00446 



L CLAMOHCATION OF SUBJECT MATTER (II Mnril eUuilicatlon symbols apply. Indices stt) • 



According to International Patent Classification (IPC) or to both National Classification and IPC 






Int. CI 4 


G05B19/403 






N. FIELDS SEARCHED 


Minimum Documentation Searched * 


Classification System 


C la sai li cat ton Symbols 


IPC 


G05B19/18-19/42, G06F9/00-13/00 


Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included in tha Fields Searched • 


Jitsuyo Shinan Koho 1926 - 19B6 
Kokai Jitsuyo Shinan Koho 1971 - 1986 






III. DOCUMENTS CONSIDERED TO BE RELEVANT " 



Citation of Document, "with indication, whtre appropriate, of the relevant passages 



JP, A, 57-189206, (Fujitsu Fanuc Limited) 

20 November 1982 (20. 11. 82) 

P.l, lower right column, line 16 to p. 2, 

upper left column, line 17 

& WO, Al, 8204137 & EP, Al , 79388 

JP, A, 57-45658, (Fujitsu Fanuc Limited) 
15 March 1982 (15. 03. 82) 
P. 2, upper left column, lines 11 to 16 
& WO, Al, 8200916 & EP, Al, 58726 

JP, A, 54-96337, (Sharp Corporation) 
30 July 1979 (30. 07. 79) 

P. 2, upper right column, line 20 to lower 
left column, line 11 (Family: none) 



Relevant to Claim No •• 



1-6 



1-6 



1-6 



* Special categories o! cited documenta: »• 

-A" document defining tha general stste of the art which is not 
considered to be of particular relevance 

~E" earlier document but published on or after the international 
fding date 

"V document which may throw doubts on priority claimUJ or 
which is cited to establish the publication date of another 
Citation or other special reason (as specified) 

"XT document referring to an oral disclosure, use. exhibition or 
other meana 

~P" document published prior to the international filing date but 
later than the pnonty date claimed 



later document published after the international hling dele o* 
priority date and not in conflict with the application but ctteO to 
understand the pnncipte or theory unoenymg the invention 

document of particular relevance, the claimed invention cannot 
be considered novel or cannot be considered to mvo-ive an 
tnvenlive step 

document of particular relevance, the claimed m vem on cannot 
be considered to involve an inventor* etep wt>en in* ooc 
ia combined witn one o*- more oin** sucn ooc^^m 
combination being obvtoua to a m«m ^eeti 

document member pf the same pele-n* San**? 



IV. CERTIFICATION 

Date of the Actual Completion of the international Search ' 

November 18, 1986 (18.11.86) 



Date of Ma>img of this mie«*euo'*e* ftee't* ' 

December 1, 1986 (01.12.86) 



International Searching Authonty 1 

Japanese Patent Office 



Signature o* A u mont eo 0«<e* • 



Form PCT7ISA/210 (second sheet) .October 1651) 



XID: <EP 02365O6A1_l_> 



THIS PAGE BLANK mm> 



